ABSTRACT. The specific silver staining of nucleolar region organizers was applied to Daudi lymphoma control and interferon alpha-treated cells. Isolated nuclei from control and treated samples were used for the kinetic analysis of in vitro RNAand DNAsynthesis. Results have shown that interferon treatment induces a reduction of the transcriptional and replicative activities within 90 min. Concomitant to these results is the modification of the organization of nucleoli. Intensity and distribution of silver grains are, in fact, different in treated cells nucleoli as compared to those of controls. Thus, the number and the arrangement of granules could be related to the functional state of the cells suggesting that the transient cascade of interferon-generated signals involves also modulation of nucleolar structure and function in accordance with the hypothesis of a relationship of cell proliferation rate to silver-stained nucleolar protein quantity.
which control cell proliferation and/or malignant transformation is the main goal of morphological and molecular studies performed in the recent years. A variable number of normal and malignant cellular models have been used in different experimental conditions and under several exogenous stimuli in the attempt to elucidate the relationship between biochemical events and structural organization of the different cell compartments. Recently, much attention has been paid again to the modulation of nucleolar metabolism and structure focusing on the relationship between morphological aspects and functional state (6, 14, 22, 26, 29, 30) . This highly specialized region of the nucleus was found to be the site in which ribosomal gene transcription, ribosomal processing and preribosomal particle formation occur (10).
A large number of ultrastructural investigations have evidenced three main structural components which are found in almost all nucleoli: fibrillar centers, dense fibrillar component, and granular component (18, 32, 25) . undergo evident changes upon exogenous stimuli (29) , thus stressing the concept of a highly dynamic structure with several complex functions linked to cell proliferation. Several exogenous agents like hormones, growth factors or cytokines have been reported to influence cell growth through different mechanisms (23, 28, 15) .
Amongthem, interferons are known to exert growth inhibitory effect of different tumour cell lines through molecular mechanisms whose sequence needs, anyway, more investigations (7, 9, 21, 24) . In this paper we report evidences of an early and transient modulation of nucleolar structure concomitant to modifications of total RNAtranscription and DNAreplication occurring upon interferon alpha treatment of Daudi lymphoma cells.
MATERIALS AND METHODS
Cell culture and interferon treatment. Daudi cells were grownin stationary suspension culture at densities of 5 to 15 x lOVml in RPMI1640 medium supplemented with \Q% foetal calf serum, glutamine, penicillin-streptomycin and neomycin. Viability was determined by the trypan blue exclusion test. For experiments cells were treated with 500 I.U./ml of recombinant DNAhuman interferon alpha type A (HoffmannLa Roche) for up to 24 hours. Isolation of nuclei. Cells were resuspended in a buffer containing 2mMMgCl2, 10mMTris-HCl, pH 7.4, 0.1 mM PMSFand 0.6% Triton X-100. The suspension was filtered four times through a syringe then MgCkconcentration was brought to 5 mMand nuclei recovered by low-speed centrifu- UTP(175 cpm/pmol), and 15 x 106 nuclei. Aliquots of the reaction mixture were spotted at indicated times on glass fiber filters (Whatman GF/C) and immersed in ice cold 5% TCA, 1%sodium pyrophosphate for a minimumof lOmin (16). Filters were washed in 1 NHC1and in ethanol, then air-dried and counted in a nonaqueous scintillation fluid. The assay of RNApolymerase I activity was performed in control and 90-min-treated nuclei in the presence of alpha-Amanitin (200 ng /ml) (27) .
In vitro DNAreplication. Alpha polymerase activity was assayed in a reaction mixture containing 50 mMTris-HCl pH 7.2, 15 mM KC1, 2 mM Dithiothreitol, 600^g/ml DNase-free bovine serum albumin, 0.1 mMPMSF, 2mMEDTA, 8 mM MgCl2, 2mM ATP, 80^M dATP, dCTP, dGTP, 40fM
[3H]-dTTP (17.6 Ci/mmol) and nuclei as 200 fig DNA. The samples were incubated at 37°C for the indicated times and aliquots were processed for acid-insoluble radioactivity. Silver staining. Daudi cells were washed in PBSand fixed in \:6% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4 for 15 min at 4°C. Cells were post-fixed in Carnoy's solution (1 : 3 acetic acid : ethanol) for 4 min at 4°C. Cells were gradually rehydrated and rinsed in distilled water for 10 min. The Ag-NORprocedure (1, 8) was then applied. Cells were incubated for 10min with 50% silver nitrate solution (1 g/ 2 ml H2O) under infrared light (G.E. Industrial 250W) at a distance of 50 cm in order to attain 45 to 55°C. After a quick rinse in distilled water, the cells were incubated with an equal mixture (1 : 1) of ammoniacal silver solution and developing solution (3% formalin neutralized with sodium acetate and then adjusted to pH 5.3 with formic acid) for 1-2 min until the cells turned into a pale yellow colour. Cells were rapidly rinsed with distilled water, dehydrated with increasing concentrations of ethanol, embeddedin Epon and sectioned for electron microscopy.
RESULTS
The kinetic analysis of in vitro DNAand RNAsyntheses in nuclei isolated from Daudi lymphoma cells treated with r interferon alpha A for 30 min, 90 min, 8 hr and 24hr is reported in Fig. 1 (A, B) . It is evident that interferon produces an early and transient inhibition of the [3H-UMP] incorporation into nuclei which reaches the maximal level after 90 min. In order to further investigate the effect of this glycoprotein at this par- ;|Ptl §, Fig. 2 . Electron microscopy of silver-stained random sections of control (A) and 90 min interferon-treated cells (B). 12,000 x ticular treatment time on RNApolymerase I activity responsible for rRNAsynthesis, nuclei were incubated in the presence of alpha-Amanitinat a concentration of 200 /*g/ml, which has been reported to inhibit RNApolymerases II and III (27) . Table I focusing on the nucleolar compartment using the silver staining technique. Fig. 2 (A, B) shows the specificity of silver reaction in evidencing the fibrillar centers and the dense fibrillar components in the nucleolar region. In interferon-treated samples, the presence of scarce silver grains, compared to controls, can be detected, allowing us to speculate on a possible relationship between distribution and/or intensity of silver reaction and the func- throughout the thickness of the nucleolus. Fig. 3 (A, B , C, D) shows a strongly and uniformly silver stained fibrillar center throughout the thickness of the nucleolus, while in cells treated with interferon for 90 min (Fig.  4A, B, C, D) the silver reaction appears to be less electron dense than in the control, and fibrillar centers reveal small patches devoid of silver grains and possibly corresponding to cores of condensed chromatin (Fig.   5 ).
DISCUSSION
Nucleolar changes in malignant cells have been suggested to be related to the ribosomal transcriptional activity and/or to the duplicative state even though, in somereports, no relationship has been found between the quantity of AgNOR proteins and transcriptional activity (ll). The relationship of the nucleolus to cell malignancy has been ruled out after the observation that its structural and morphological reorganization is the consequence of the redistribution of the fibrillar components within the nucleolus (31) . The ability of interferons to modulate cell growth in different tumor cell lines has been largely investigated (7, 19, 21, 13, 20, 2) . Recently, much attention has been paid to the molecular mechanismby which interferongenerated signals are transducted into the cell nucleus.
In particular, there have been reports of a number of early and transient events upon interferon treatment which allow us to speculate on the possibility that cells undergo transient initiating signal(s) finally leading to the inhibition of cell growth which can be observed only 24-48 hr after treatment (2, 3, 4). This study suggests a possible relationship between early changes of nuclear and nucleolar structures and modulation of functional state of the cell induced by interferon. The appearance of scarce silver granules in treated samples, compared to controls, parallels the finding of an inhibition of "in vitro" DNAsynthesis and a transient inhibition of the "in vitro" total RNAsynthesis measured in nuclei isolated from treated cells. Thus, the number of granules could be related to the rate of RNAsynthesis suggesting that the transient cascade of interferon-generated signals also involves modulation of nucleolar structure and function. This possibility is strengthened also by the evidence of a distinct reduction of RNApolymerase I which activates the synthesis of rRNA.In addition, as shown in Fig. 5 , nucleoli from interferon-treated samples display small patches devoid of silver grains which could represent, according to the literature (16, 17), cores of condensed nucleolar chromatin which could be produced by interferon treatment. Since the molecular substrate of the nucleolar silver reaction has been reported to consist of proteins responsible for the decondensation of nucleolar chromatin (17), these results allow us to speculate that the antiproliferative signal(s) generated at the membranesurface of the cell would quickly reach the nuclear compartment and produce a sequence of transient biochemical changes modulating, in turn, the metabolism of those proteins responsible for the morphological arrangement of nucleolar chromatin. Certainly, this intriguing aspect of the modulation of nucleolar metabolism and structure by interferon requires more investigation in the attempt to elucidate the precise sequence of events by which this cytokine could influence nucleolar chromatin and proteins. To conclude, the findings reported further support the suggestion of a relationship between high proliferation rate of cells and AgNOR protein quantity (5).
